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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a capacitor 
structure for a semiconductor device which does not 
degrade by hydrogen or contamination. 
SOLUTION: A capacitor structure (125 of figure 1) 
comprises a lower electrode (124 of Fig. 1) provided with 
a side surface and an upper front surface, a capacitor 
dielectric (126 of Fig. 1) which, comprising an upper front 
surface and a side surface, is provided on the upper 
front surface of the lower electrode having such electric 
characteristics as to degrade by hydrogen, provided with 
upper electrodes (128 and 130 of Fig. 1) which comprise 
an upper front surface and side surface and provided on 
the capacitor dielectrics, a silicon nitride layer (120 of 
Fig. 1) provided on the side surface of capacitor 
dielectrics, and an aluminum oxide layer (1 18 of Fig. 1) 
provided between the side surface of capacitor 
dielectrics and silicon nitride layer. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 




BEST AVAILABLE COPY 



http://wwwl9.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAM7aiD2DA413210798... 2005/05/26***^ 



W'S PACE BUNK ,«sp«, 



(19)Q*H1*fflF/1- (JP) (12) ^ ^ ij^ 5^ ^ (A) (ll)4^l1=mH'iira»^ 

#gS2001 -210798 
(P2001 -210798 A) 

(43)a^aH yigl3^8 3 B (2001.8.3 ) 

(BDinta.' mirn^ fi 

HOIL 27/105 HOIL 27/10 46 1 



27/10 


4 6 1 




zL /i /f "D 
4 4 4 Jd 


27/108 








21/8242 






6 2 IC 








6 5 1 








I9*^C0S 1 O L 28 M) 


(21)mS$^ 


t9«2000-389336(P2000-389336) 


(71)tflKA 


590000879 










(22)ttlSB 


¥J«12^12^21 a (2000. 12. 21) 














(31)fij&tf£S$^ 


17 17 11 




-fe > h ^il/X ^XZfl^X ^JL^ 13500 




^JS11<^12H22 H (1999. 12. 22) 


(72)«lW« 


X 3 h T— ;K :r;i' h 




im (US) 












^y, /xn tfx^ D— H 10394 






(74)«aA 


100066692 








#Sdr fig (^1^3«) 











(54) \Mmo>^Wl rl>5^>1^^iiSofis»co;t^e)0«jBHt^»««coBMcc^ 



(57) CM^] 

CSS] im'^mytkx^^^it l i ^-r x o n 

CS?^#S] 3 Vr'V-y-lgjg (I^ 1<D 1 2 5) (ifflj® 
^J:S®i:^^55:;t/cTaS (!^1012 4) ±M 

<*iO±tcEB^n/c±a<l (1^ lOD 1 2 B^octCf 1 3 

0) mi^:/7'>-^mn^<omtmm<r>±,\c.wM^ 

^n/c^{t7;l/5— 'i?/:,^ (^ItOl 18) i:^^t?o 




mm t±mmt^^rj:^rc-rmmt. 
CO 0 0 1] 

CO 0 0 2] 

« 1 



i4ir 


SRAM 




DRAM 


FeRAM 
(Demo) 




>0-SV 


(±6V) 


>1V 


3.3V 




NO 


YES 


YES 

mmm 


NO 




<10ns 


100 nu 


<30n5 


60 ns 






<10» 








<10n9 


OOns 


<30 ns / < 2 ns 


60 ns 




>10« 


>10» 


>10» 


>10« 




0 


-6-8 


-6-8 


-3 




-80 P 






-18F2 




NDRO 


NDRO 


DRO 


DRO 




NO 


YES 


^fo 


YES 




I 


Q 


Q 


P 



[0 0 0 5] F e R AMcO^Jl^ttfi:. ilT^o. ZyUn V-r V^t^O^ ^ U -fe^UT^^o (lT/1 

-2- 



(2) fffM 2001-210798 

2 

J: 0 iSo ^tSSeg;^ ^ ^ > ^ r ^ >; ^^Z<m t 

SltBb^^rU (EEPROMrelectricall 
y erasable progra mm able r 
ead only memory) ^ ^vv'ilEEP 

[0 0 0 3] 3i^aft:^^U (F e R AM) ti. TmS 

20 mmr^^t^^it^'eVX&^o F e R AMtCj^LTM 
Xi:>^^UcD'7-4^-r^^^:6^F e R AMO^fflbiiS 

CO 0 0 4] 

CSi] 



(3) 

3 

'Z^t^^o (2 T/2 C^fcitZ Q?^'eV'tJ\ytm£ 
CO 0 0 6] 1 T/ 1 CCOF e R AM-lr;l/tcti, — ocD 

h (y-H^^v) tc{i^;&9iftnb. ^ntc<t':)nv7^ 
» tcgiio^n^o ufc^b^oT. hv>v^x^cotr^y h 

^/^'>^>'XniJo/'c'^cOtrS§o n^T^^-ycO^^^fti 

1 ^/ctiooiiiifiitcstjS'rsajE^e^tB'r^o utfb 
tf. -b^xTvytDSipaffli. ^w^nrt/^*t.\ t 

[0 0 0 7] ^mmi^^'ev(D^mt. mmLmm^^m 

*y^V^*$nfcit^tc(i. i?ai Ll&mi:5SigWTfe D . 
-t >XZ >rti-tr;l/;b^ ^nfcff*^ 0 tf ^y h ^ L 

til. 3^Sflg^mL{iKig»!aiLJ;0-rr:»t:^#^3>-7^ 
[0 0 0 8] ^^VTU— \^CD 2 Ty^ZC?^ ^V-tJVit 
X^7^^^y<>^>^$*^Ar^-trXp<^U) tct>^TCi$ 

#Cfo ^— tOh^>>/*x^{ilf-y h^-rv^m-Onv 



2001-210798 
[0 0 0 9] Sii^SlfPT'ii. 'r^L7>'l^=i>'7^>^tO?S 

^^utctaitr-c^^st^ftitcjtficr^e^y h^-Y>i: 

V-9~iDttiSffi?tc/^;l/X^TOa-r^Ci:frCcfcD. "tolY 

[0 0 10] t'^7;1/=i>'7^>-9-cO;^ 
^U^^l/Om-^cfctfm-^Dh^Vv^^X^fi. m-^3<^ 
tfS-iOzr>f^>^ttcfSig^n/c1f^^tr^y h-^^>'^ 

^y h^-O/^-^-OcDP^tcMfi^^^^^^n^o ^€ 
^ti't>xz>:^frcJ:oT^tai^n. -trvxT^:/^^^^ 

[0 0 1 1] ^^Si*p<^VO^^U-b:;l/ti:#RSlHlO^ 
[0 0 12] 

^ V K r n > -r / w X ^ rc tiffico^ < tDf^/ ^-r x^^# 

Cfi|i^i*:^^yy±tC^a^n^T'/WXTS§ F e R A 

^ff;b^^ffi#ffiLTi/^^;i)\ t /cfiftfitDT^/WX^^O 
F e R AMC0»S60/c:a6c0i2^^^ff^^;5o C(7)cJ:9% 
ifSS^f^O— F e R AM7^/WX^^C?CO^^y 
r*Sigr^rci6tc. ^^yyitcS^cO^Uf'/WXi: 

r-:?-ni7"7^/wx:&ia3g-r^rc46tc^^^n^se*£D7 
<mm'r^o ^mrn^f. #tcF e r amt^'/^^x^^ 

^yr±tcma-r§/ci6tc. 7'n-trX7n-^:;^^<a^ 
tt^L^o^ii^tc) . ( I /07^/WX^3j:t>\ 

-rs^T'f-nyf^/^^xoffi^c) cn^co^?Pii^T^>'^ 

^ X * ig f ^ 46 y n -t: X 7 □ - O T' # -5 ® 0 ^ < 

[0 0 13] UTcomm^t. at^tmt^yNx^m^^y 



-3- 



5 

e R AMyn-tX^>?^-;b£Oflfia){Sgt)}S^^nfco 
<D±Ji\z F e R AM:/n-trX-t>^a.— ;l/;6^BBS^n/cli 

^Cf. ^>^*X7^>tC^:^-r^) F e R AMT'a-tXODfa 
jetcja-a-f ^fct^F e R AMyo-trXcO 

raS^TifT^^cO><^^^^f-v/3> (A 1^4 5 0 

[0 0 14] F e R AM-/u-trX^>^^— ;l'tc?tr^'£> 
^ --OCD artg;5:firM(^ / ^ <^ X V H y n -tr X :7 n -(7)S 
t03£<T^^§o C(DT':fu-'^<D^W:r^nmt. FeR 
AM^i/':x-;V£O0TH/^t§^*^® (Pb. B U Z r. 

I r. Ru. SfciiPt) *^i:'9^<(7)*«XS:ti:Ae> 
:^0>cfc5tC-r^C^-e^^o OF e R AMM(OiiS 
^Ec<Iffl^n^gS;b^F e R AM7='/WX^jgOgf3t« 

e R AMnV'-T'Vlf ilTfrCfe^ h^Vv^X^^CDffiS^ 

R AM-t:;l/+f-rXtc®'&Li&t/>o 
[0 0 15] ffi(0&»c5^i-;5i2^S^f*tc{i|^C.DBE;^^ 

[0 0 16] F e R AM^n-trX^v^ix— nvr' 
^-^tcOT^i^^^ h^bT^^^V^XT^VrrV^^ 
ffi -r § (D ^ T n ^^'^z W X CD -7 a > h X > K 
yn-trXcOy^n-tc^^-r^C^^WSbi.^0 
co^^x/^-rx;J)^>g^i:-r^ (^^^XT-Vi^y^^^^o 
i:t>-v-U-*^Y Kfl:^nfcy-X/KU^>i:y-h^# 

(?$^l/^<fcatCF e R AMiD^fi^l&fe?S5i'{i:fg<;5:ttn 

cfc 9 ^ffi^Oy n > hx V K7='/^>r X(ir5»:tc®®T^ 
F e R AMyn-trXtv^jL— 

^ . h ^ > >/*x ^ :fe <i; ^-r ^- K A^S*?fb L^i ^ J: ^ tc 
^^EQ.-r^'^^T'^^o F e R AMf'/WXfc'cfcO'T'o-tr 
X^>^i-;l/^>«S?PO/^^y ^x> K:^a-trX:7n-tcS 
^'T'^^'Cfc^o UfcTb^oT. F e R AM:^n-trX^>? 



(4) ItP 2001-21079 8. 

6 

T'fe^'^^T'fc^o MIC. F e R AM7^z^-rxti:/^^y ^ 

i»ci:7b^^^nT:JoO. (5i:A.^tOliS^Vy^x>F-/ 
a-trX:7n-t^^<(07^n-fc:XT* (/ci:^tf. S i O2 
^ S i 3N4(DJgfig. C VD^>^yX7^>'C0it«. SiO 
7(? 2lf7'x^y^v^. fcci:C5;^7X|^iaiSJB^tcfei/^r) 7k 

[0 0 17] F e R AMc0^^6^J5:sEiAtc<i:oT=t>. ffi 
ii^jfB^^UOnXh^g/NcT^f2:^M^^^^o -g-ff-cD 
;<^U3Xhti±^UT-fe;U-it-rX. i^23it-9--rX. m 
W^OO^S. :J3<i:D*;<^UtcmT^f^f]fin7^o-trX=i 
X htc<i;oT;fe*r^n^o Si^^f^DR AM^oi:lf:7^ 
-jiy:j,<r>^o r^mm(r>mh^^:;^ ^ U i: Jt-^T tT ^y h ^ 
/cD<7:>nxh(0?fJj^:S:ff^/ca6tcti:. :^?p(Daii^Jgp< 
^ytOT^^ynv?— T^tf e>n^Oi:lRl^:^F e R AM-tr 

:/n-t:X7n-;^U v^'^7YO^xr^'<^> 

JllCjgSg-r^C^. n^y^^ltOX^^y^X^y^V^^tO 

XZIX hJ&fJMt* §/c:a6tC, F e R AMyn-feX^t^zL 
§ y n -tr X iO^t^t ^ ^^>^ < T § y ^ 3 > > -9-;^ 

[0 0 18] c<D^mt:fu—r::i>v'>^^mm'r^ 

Ctlcm^r^ti^. 4^Xh^/'c{i;^j^yyaig^<^«f ^ 
H:^^7tn:/x>^tti. |wiu«E:t:i::/n^xo^<^<Iffl 

40 <fcD/jN^<"r^ci:^^T^^o DR AMf=^/^-fxt±. -tr 
[0 0 19] 

50 Ea^nfcJimffih. HufB=i>x>-«t^m{*:<oMfafflyc5 



7 

rcm<tT;\y ^r::^L.mt ^mmr^ :2 ^y'^vmmv^ 

-C0»^t#^. fulBm— O^tiBOx. A 1 N. B 

CO 0 2 0] m\^^rci:iim^(D^»^mTrcibicm^m 

CO 0 2 1] 

^VKZnvF e R AM-T/WX. ^rcti:ftfi<0^ < tO-r 
/^-rx§!^^:5:^^^«f*^^y ^tcmffi^ n/c F e R A 

M-r/wx^ififr^ch^^T^^o mm<D^m 

<t>^^U^lt«JLT3c#^n/c*%^CDF e R AMf"/^ 
-fxcol£egtcj:0 F e R AM(i. ^gm;^^i:^Sx>'Wxm 

^H^fi. lg^J-:(TtoiJiB>gti:^^n/c:T'/Wx^«jg^ 
siit-r ^ rci6C)ffio<f ^43<t 77 }s n ^ ti-r 

(STl:shallow trench isola 
tion structures) *^^^tlTl/^^;b^ 
(LOCO SSi^^LT^ai^nrt/^^) ^-f— ;UK^ 

Hie. ^g3gl 0 2{i{ffSL<tJ:n^^/cti:pSi{cK-tf 
X^'^n/c^i^B^ai/'Jrnvgffir'SS/j^ <gjgl 0 2 

U n ^Sitt*^ c 0 JB« L T ^> 0 
CO 0 2 2] 0 1 {c{i-OCD-r/WX;b^^^nTl/^^o 



(5) 2001-210798 

•r/^-f X 1 0 3 F e R A M-fe;l/C0gP5i^Wtcli 

oS^n/c/^— ^^Sr^-To v^/^-<X 1 0 5(i. ffiSccO 
iSaiEh^^i/'X^. flSmii h^>>^X^. ^iJifliSh 
v>v^X^. I /O h^Vv^X^. 7^ny h^^v^X 

(Df^/^-rx^^ro t'/wx 1 0 3T^-^x.?>n^i^^co 
-tr;nsj§;^[^i/^T. f^/^-rx 1 0 zxnm^ti^mi&^t 

10 (t^/^X 1 0 Si^'^^'^Tfet)^^. ^^^-rvWX^ 

tCcfc^h^vv^x^togfeUfi^s^Sfj^^tttf) t'a^x 
1 0 5(7:>x>'WxS3Si:f5ii;T'fe^-<#Tfe^o 

Co 0 2 3] S^Wtctiy-hSigl 0 6(i. (if?^ L 

ST. pzT. iim<Dm(DmkMn. s/c(i 

^/c(i^^>. ^>yxx>. T i N. 
netTDm-s-^-t^^/ccix^^y^TP^^n/c) ffl[|g*gi^ 

^#A.rci:i/\ y-x/Fu-oM^i 0 8Ciji?$b< 

tc. y-X/FW>fiigl 0 8t* (if?^L<(i. 
CO 0 2 4] mm^m 1 1 2:6'«Sffii^{*:(D±tcjg^^n 
1 2^Ci^UT/^^->J&fiic*5<J:D*ai'y^>^'7b^?f^n^ 

Ti. Ni. ^ni\tCo(D^or^±mi^')'^ 
^^1 \ Ahmm^l 1 2 i:cOStcje^LT^><i:i\ ^ 

^i-ymmmi 1 6 7b^^l^c^^^nT^oo. ^f?^L< 

ti. T U T i N. T a S i N. T a. T a T i S 
50 V-X/KU-f VMigJcOS^U^^ H{t:^nrcSig:fe<fcaF 



9 

[0 0 2 5] smai 1 2ci:»^b<ti. (^-^m^ 

I Ox. A 1 N. S i3N4. T i 02. Z r O2. ^ 7^? 
/cCiT aOxCOct^?^:. Ml 1 2 0±a®3fi< tcf^in^ 

^y^><>W>S^^^o 

[0 0 2 6] Z3>^^ hO±tCfi:@'r^^S«jtiDJg^ 
tiA^y^x.vFyn-trXO-as^^^^n^o #SC>F 
e R AM:/'n-trX^v^^— ;l/^^tt(f. ^^-j^^l^Y^ 20 
n -tr X Ci^»f*jgmT^?pcO/ ^ ^ X > K -tr X T-^ 

^rcti:C u^^-Xi:b/c<E><0Tfe;5o ^^'T.tsT.T^ 

^L<Cix^y^>^$n^o L^^L. ^TX:?!jXryn 
-^T]F^Sg^tl^C u ^ A I ^X^y^>'>7-'r§C^^nT 

<ti:C VD^><>'Xx>:r^<^^fcCi:A I y^<7:&^:^ 
x.T:feO. xu^ hn^-fyu— 1^3 >'g}n^3c#-r^ 
/ca6tCA miff^L<fiC u K-lf ^/^'^n^So A 1 if? 
5^T^^MffiSS(^g(i»^L-<CiT i N. T I cD-75-$ 
/cOifi577^#t?o a^Op<^^-Y-if->'3>ti:Jff^L< 
ti. T i . T i N. T i S i T a. Mt^^^yUi: 
T a S i Nj£iSjKScD-75-^fcfif^^^^=&x/cC 
/cfiW:/^^*^^^5:x^o (I LD : 

interlevel dielectric)igll 
2 (ill 1 2. 1 3 4^5cfcaFl 6 0) cop^tc^i/^gia^* 

s i cNo. ^mtmiti^v:!^ i^^L^itmm 40 

i*® 1 1 2 . 1 3 4 J: D' 1 6 0 (irif?^ L < ti. Sft 
FSG> PSG. BPSG. PETEOS. HDP 

ii. SILK. 4^-^XS i LK. r-yuy (gg^ 
^) . fgK4^U*T- (^5J^4<-^X) . x-ny;k 4^ 
-tray^k H^-Tir. H S Q. $/c:{i:ffimoffi(04^-^ 



I^m 2001-210798 
13 6^150. ^o<^:t5S|{* 144^16 4itt^mUn 

n^^-a-tcti. 1 3 8 ^ 1 4 8^^mc^-r^ i 4 

2. 1 4 6. 1 6 2. ^o<i:Cri 6 6i:UT^^nTt/^ 
^) ^g/^^:^^(i:iff^b<ti. T U T i N. gfb 
^>^X-f->. Ta. Mb^^^^k fiE]t(7)fie3feOP§g 
Sfcti^n^Ott^c03S^t>-^i:$/ctiX^ 
^y^TS^^n^o ilffiiia^*i:y^<^ttmF e R A 

^J— c^^&t)"^. w'r^^**5<fcr;s i 02 1 LD^mh 

t?T-^ynv^-) THi. F e R AMl^/^v^i^y hfi^6 
0 0S/cti6 5 0 CcJ;»?/h^<:^§^#-efe§o {gil« 

ti. F e R AM^/^v^x^y h(i:Mtc?S^ri2J^:6^S^o 
L/t^^oT. ffS^M^^mi 1 2fi:6 0 0C^a^ 

til^Tj^O) Igfbv'UriV. ^fbi^Unv. mitmiti^v 

[0 0 2 7] F e R AM-tr;l/ (F e R AM:/n-lrX^v^ 

^iRS'r^<i;'5lcU-^;l/l 2 7;bH^fAD^n^o 
CfOF e R AMrn-trX^>^a.-;l/tcj:D. 

?b^T*^. SfH/^T^n-trX^v^oL-^l/tcS^-r^l^/^i^x^y 
hfiiSz^tc^^^bV /^^y^xvHT'a-feXcO^/^v^x^y 

■y-O^^F e R AMT^/^X^^pTtliiJ&^o L?b^L. ^ 

s^;6^fe>M-e^ttntf . mm i o 5 tc/i 1 2 7 

^l^T'F e R AMx/^-rX^Jg^r^Ci:;bWgg-t?S 

b/cTb^oT. F e R AMgP^i^l 0 3tiill 2 70iS 
^fctttiilEl 0 5cl:»9i^<=&-So 
[0 0 2 8] F e R AMn>f=^>i^l 2 StiScfflcD^T* 

^'1 1 4^^S^r^ie^g7b^^^;b^§^^cS•:5^/^T. SB 

<Ci. T i A I N. t>L<(iT a S i N. T i S i N. 
T i N. T a N. H f N. Z r N. H f A I N. C r 
N. T a A I N. C r A I N. ^/cfiffilc^OftfiOSm'S 

^ti{f?Sb<{i. (0, 1 8 ^imeOtrrtcjhfbT) 6 0 



-6- 



u 

(CVD:chemlcal vapor depos 
i t i o n) ^/c^i^^X^oi^/N^X^C VD CP E 
CVD) ^#t?o S*a#SyU;d-y;l/^^ffi-r'Si:€ /O 
tc . ^fkl^to c V D {c 0 ti:J^f t^ft^f k 

^Ci:;b^iffSH/\ ^"f. PVDcOTiAlN (3 On 
m?J)W^bV>) {cm^rCVD<DTiN (4 0nm;bW 
^Li/^) Tb^JiS^n^o MtCjif^a^^cDiiT i A I N (15 
60nm) (DC V D^rc(>tP E Cy D<Dmmt^^o T 

1 A 1 N<D^<DT;i^^:::i^L.(Dit?m^ttmitm3 0-6 

o%iDA 1 v&o. mitmtxi^^mr^rzisbici^t 4 o- 
5 o%?b^<fc^3iif^-efe^o .^*9^t/^ffitS(^g arct^ 20 

Coo 2 9] ziyy'l/^x 2 5(OTWM \ 2 4 ti. T\C 

2 2^rc(i©l 1 2cO«±ti:jgJ5g^n^ (X7^^y:/2 0 
6) o if?^b<ti. Tm^{i;P^/)^^2 5-1 0 0 nm 

i^'i^A. Pt. Pd. PdOx. Au. Ru. RuOx. 
Rh. RhOx. LaSrCoOs. (Ba. Sr) Ru 30 

mmift. 5 0nmCOIr. ^/cii:»^ b < ti:. 3 0 n m 

rOx^I r (Ar) tCj^T ^X/^y I r 
O X tCi^T^SiSttX/^t^y ^it^cO-Tj^/cfiiifTaJc J: 
^TiiS^n^ 2 0 nmcO I r ^T'S^^tl^X^ y ^ 

M tc s^-r ^ w^t^mm^mt:^^ ^y ^ s rc tis/s^x/ ^ 

®-r^fc46{c. >:KxhT«SiaiEa^eiff^L<ti. Xh 

\tmm^mt^m^i3:km^mp^(D 4oo~6ooct* 
2- 1 o5j^r^T*^^o ^<D?mM^tTmm<oBfS.^(oit 

M(Om^\zf7-DX^^h^i:i^^ »$b<{i. I LDl 60 



mm 2001-210798 
72 

[0 0 3 0] r3>xV*t^1IWiTM1SO±tcjgdt^n 
^ (X7"^yy2 0 8) o «ff$L<ti. i^^-r^-Jtmm 

1 2 6ti:;?^?bM 5 0 nmcfc*9^h^< (cfct)iff^b< 
ti. /P^;bM 0 0 nm<t'9/jN^<. fit>if?^L<ti. 
^;b^5 0nm<i:l3/h^<) . 3i^m«;|e^. fc^^tS. 
Pb (Zr, Tl) 03 (P Z T->?;bn-'j7i:,^5^^ 
. F-^- (Nb. La, Ta) ^Z^-tr^^ 

(Mn. Co. Fe. Ni. A 1 ) cO— :^r^/c{iM;5'^ 
K-lf>^LfcP Z T. SrTi03. BaTiOa^Tc 

(i:c a T i 03^K-t!>^'b. ^n^-&^^nrcPz 

T. i5fV:S7;l/S^Xhn>^^A • tTx-x^X (S BT) ^ 
^>^;l/S^— ^rg^XboV^^^TA . tfx-TX (SBN 
T) <D^or^^<om^^^^:^ti^ h (p e r o V s k 
i t e s) . ^^^g^eXTX. B a T i 03. P b T 
i 03. ^fct^B i2T i OsT^J^^n^o PZTtin 
>T^>^^mtc5tr^g^>iff^bt/^S^T^^o PZ 

1^1* (^^^^x-r^y^^^'^n/c^i^s^itsJwgT^^g^c 

m^^fciXT^'J v'X;!/— ^S^/ci^tC. ifE@>5:Z r 
i ^)fflfigti-en^ni^2 0/8 OT'^^o ^0>f^t> 

6 5/3 5(OZ r/T i C0^;^)^$F^r'fe^ C i: 

~r^TcOl:^»ST% *tJO. 0 5^^^ 1 %OK:^— K— 
hr* K-:^- H- fe! >^'^nfc P Z T hr^ C tff^^ 

^af*tc^-r^itm^its#^ti:^M^^{k^^« cm 

OCVD^metal organic chemic 
al vapor deposition) X^^o M 
OC VD(iit#{c?fM (.r^t>^. IS^;bM 0 0 nm<i;0 

/h^v^M) com^icitfmx^^o si/^pzT(i. mm^ 

?b^^r. >^i/;d-v7u^'>;S:<-r^) ±xmisbx^mx 

ctDfgi/^^sjE) ^"^mtr^o ^^f'^^mmt^ 
irtm^mX^^^B^mxmmr^ c tt)^x^^t\ ^rctt 
{&uxi^¥Bny x.-xxmmi^m^. mm^mfsm^ii 
MbTs^rt^-^eti^o cntiii^. si^^mjKtc 
ni^xntDti^. mm^k^B{tmiB.mimmmm^c. t,b 

9*^ioyn^xxT-'y:/^{cff dc^A^Tt^o iff^ 

^MOC VDOPZTZro— ^tc^"?. $?f^b<ti:. 
4 5 0-600CcOF^ (cJ;0$ff^b<(^. 500^55 

[0 0 3 1] I3>f^>-9-^m 1 2 6C)±tC±SS;b^JB 
JS^n^ (X-7^^yy2 1 0) o *:%B^^OC<^)|ISgCTT- 
ti. ±mS(i:®l 2 8^oJ:D*1 3 0 bT^^nTi/> 

b^^b. i®/ctt-esfiKr§ci:^,r'^ 
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0 nm^0^bt£\^^-^Otlf^L<i,t. JP^Tb^ 5 0 n m<i: 

^?S^mti;^fi!r;fta^S-C^t^:^<7:. IrOx. Ru 
Ox. RhOx. PdOx. PtOx. AgOx. (Ba. 
S r) Ru03. LaSrCo03. L a N i Ob. YB 

a2Cu307-x(Oj;^?5: mn^mm<D±nm^ ^ ^ ^ 

f;^(0^<C^P t.Pd. Au. Ag. Ir.Rh. $5<^: 

iOi^m^T^ctti^^m'v&^o Pt. Ru. 
pd. ^/-ctii r(D^'!>-^mm-^n^m^i^mr^S:M 

^ti. P Z Tr3VT'>-9-^m<*tO± 
tCA r + 02F^<?:>KiS14P VDtC^oTtia^nfc$5 2 
OnmOI rOxCD±^i:A rrtO^P VDtC<^-3>rtiS^ 
nrc»5l OnmOI rT^lt^^n^o I rOxti. JtIS 
bfcid^oT. jlV^tiffiiig (2 0 

t50%t8 0 % t<om<D02 tCOijXm-^^iO^X- 4 

CO 0 3 2] SF^L<ti. n^xVltX^^y ^ifefrtc^ 
^^no C^'ry^Z 14) ^3gctD®OJ^^C>Mtc 

®^/'cti'r^ros^iRi^tcx^y^><$7-r;5^. >'^- 

Fvx^/ll 3 2;6^{ffSU<ti. ^y ^±75-tc©^^ 
(XT-*y:/2 1 2) o »SU<ii. >'n-K'tx<> 

<Ci. i?^?b^^5 0;!)^P»5 0 0 nm (<t D^J?^ b < tiJP 
^;b^*^J 1 0 0;!)^^ 3 0 0 nm. gfe»^ L < (iJP;^ A^$?J 
2 0 0 nm) T^O. T i A 1 N. TIN. T I . T I 
02. A 1 . A 1 Ox. A 1 N. T i A 1 . T I A 1 
Ox. Ta. TaOx. T a N. Cr. C r N. Cr 
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Ox. Zr. ZrOx. Z r N. Hf. H f N. Hf 

Ox. miti^v^y. i&kmmi^. srcti^netoffis 

7.^-j^<Ty—mt. 5 0 nm^7DX/^y ^itS^nfcT i 
A 1 NS/ttiT i N(O±{C3 0 0 nmcOPECVDliS 

^n/cis i 02-efe^o /N-H-rx<>(o;?^{i. a>s?c> 

«5|^tDx^y^>i?^yn-t:Xi:ffl^^x^y^>^-3lJS[. x^y 

<fc t;-r (DBox ^y ^ > (TDmao^ o «o/ n- f 

vx^tiiffl<*^o /N-F-^X^t^n^-rV-^-X^^y^ 
tOx^y^>^lttC^£LTfe<^l/^b. ^£L^<Tt)<fc 
l/^o >^N-FVX^7 1 3 2;/b^^£^n=^t/-iS'&tcti:. 

[0 0 3 3] /N-FvX^cDte^^^i^cO^N-FvX^^ 

t^m-OM^ rc{iS:^§«5^C0^tl^cDBcOX^^y <^ h b 
T^><tl/\ ^{t^S£0/N-FTX^frcJ^-r^«EfS=feit« 
>^n-trXti:A r +N2;^jXM^1%f^ffi^T^X/^y ^it 

^^it=®yn-tXti:T EO SOP E C VDTS^o 
[0 0 3 4] F(DJgj«?^. V^<0;b^(DS^^ti 

mis. ^mmw. ±mm. *5<fct>VN-Fvx^r^s^o 
cn y n -t X X T- ^y T ^ffl ^ n ^ -r ^ T o ^ B ^ 

/N— F^X^iDitSm<o:^^<0:/n-trXX7^>y:^(ial 

Tb'^t^^U F e R AMCDSffl[l:6'«r^^r^o LfcA^-i^T. 
y V^*^-7-<SM^tt^T^^^i:^tCF e R AM^x- 
40 /NOBfflO^gt^b. F e R AMC0l^;6>^^f?^t>;&LtC 
<^ U — > ^ X — / U V :7 ^^tc J: D fta^-r ^ 
Cttf^X^^o /N-F'^X^;b^S i 02COcJ:-9^S?P« 

cDbu t^: ^ x-/Ni75S{ll*^j$fe^;^ C ^ ^ 
^t/^ /ci:K.tf. /\-FvX^;6n i A 1 N(D±(OS i 
02T<isg^n^if^{c(i. T 1 A I Nita:^a-bXco 
fST'S i 02itS:/n-feXC>Sutc'>x-->'N(DSSf|*?ftr^ 
■rsci:7b^i(f$H/\ cntcj:t). S i 02itll^y— 

50 T'^^o ccogfe^-ra-txamfflUiOf^Pft^o^^ii^ne 
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(PVDf^g. /N-K-TX^. T«ffi. ±Mm. ^^XJ 
MOCVDOPZT) T'(^. afflJtC{gU-<;l/CD I r ;b^^ 
MOC VDrn^X^SgfflT^a^L/cjPii^i^y 

X :fo Zfx. y j£ < O ^ X — V 

^^rx^y^vy-r^M^Jx^y^^^'T^n-feX-e^^o x^y 

tci:oT:fefi^n^ (rci:x.Ci\ ^n;6^S u s I /o 
O2. ^rc\tS i3N4COii'&) o JSSx^y^V^^P ZT 

^^COX^y^V^^p^ilOil^it^, rc^XtfH2 04-H 
F+HC l^rc{^H2 04-NH3 F+HC 1 ^^fflLTtT 

Co 0 3 5] oouy<5^^:7^XT-^y y/cCtr-nvT^ 

>' ^ X ^ ^y ^ it T ^ / ^ - V flg ^ ^ X ^y ^ > O :/ n 

o«±cr) U V :7 ^ X 7" ^y ^ tl ^ ^-g-tc 

^^XZ^-f»<>h OfFgtffiH^^Sf ^ C ^ J: t) 

BJb/cJ:dtc. »^^zyn-^(i5giSOx^y^v^':/ 
n-irXTvN-Fvx^;&<^ffiT^ci;T'^§o 
^ffllgOM^i:. L/cA^oT. <i;0/h^o>g/h^}S (c 
D: critical dimension) <0^S^ 

cneiOx^y^>^::^n-trX:^<giE-r^C^;b<T^ 
UTcnti:. <fcD.mmx^y^v<>-^fp;gr^^x.§C 

CO— ^SSeUiOfgrax ^y ^ > y r n -tr X F Z T ct I 

i A 1 nm^(r>mm^t^r>mMhir^^o i vi^^xsfz 

T (}lV>X^y^V<j7TgjSfC0tJ^^) iOX^y^V^^^^jSfi)^ 
1 0 0 nm/^X^^o 

CO 0 3 6] x^y^>^*:rD-t:xti^crn'5:/D-t:XT' 

*i7x— /NOX^y^V^'^y— X^y 
:JoJ:t>*S®j7b^F e R AMT'r55fi:-r'S;5\ S/itiF e 

X'y^>^£DS@^%;g:ft^6tjtc^SL. ^LT^^mm 

u^-rVlfx^y^y^^tOSS/ftmi. S^X>y^>'>f 
^ff^^a^co^fi. ssezk (D iTkS/ceiD i w) jft 
^ X{i#^>5:(/^^>^®co^OXtfV 

ibtc^v^x-y^^ytiSE-s— xi:LTfeJ:t.>o c^ox 
^y^><5^yu-trX<7)S*i:LT. mm±(DM^<D^o 50 



2001-210798 

=^x ^y ^ > y L t/^«3^(D»atttOMcO||ii« ^ ^ U 
rct^i,^. I rCDTm^Tti. P ZTCO{a[l§±tC 

«^«5i^^'>Lx^y^>y'r^^p°D^ffifflLT. ccoa^ 

L<:^t/^0i^;&^^r^/cJ6tC^>^^«fe?t (XT-^yr2 

F e R A Mwmconmmic ^^xmL< r§si^ 

n^o F e R AMg^{i:$fcS^y— ;l/-e:/n-fc:XcDSutc^ 
CO 0 3 7] 3>-r>-^tX^y^>y6r)^^. (HUKT^ig^ 

iHia-r^-oo77S (X7^^y:/2 16) ti. (^i^rc^^ 
(omm. cmm^mtu^^rosbt. x^y^^v^yn-trx 
CO) ^m^^rcitmit(o^m^(D^x<DRT k'^rcittm 

co^'&s clO^jaSfi^EfS b<^^*?J5 0 0-6 5 0 C 
t)^(E>2^mX&^) ^fcJiS 5 0-7 0 0 C (RTA^O 

§) TfTt)n^o 

CO 0 3 8] :2z/y^zy^(Dmm^m^\^<itt)'^^K^Mm 

SSi!?LcOx ^y ^ > ^cDM =3 Vf'V-y-X ^ ^y ^±Km 
^^n§ (X7^'yr2 1 8) o {iySfi£tfcKSti> ru^f^ 

?5iscon^£offiic:6^ e«3gco^ 0 ^^mr^coxmmx 

M (Ml 1 8^5j:t/l 2 0) iiLT^^nTt/^^;?)^ ffll 

A 1 Ox. TazOs. A I N. T i O2. Zr 
O2. Hf02. ^mt^tl^<D6:M.(D:^^-y^^rc^tm 
^tD'^xmfS.-^tl^o tLXm 1 2 Otii¥^7b^3^3 0 n 
mr-^O. miti^Vzi>^ A 1 N. ^/cfi-^tl^cOffi^. 

cox^jf^y^sfc^iffi'&^-t^T'^^^n^o mit^m^fc 
mc. cnimimitmimx^-oxi^xi.^) ^mmr 

^/ca6cOif?ii;&yn-bXti:g/hC>aE&7K^c0^ff (f 
^:>"^. H2rti:*<TH2 0A^Jgj^^n^J:^^5:?t»^K 
m) (D^tXMOCVDX$>^o r^X-^xv/N^x h 
C V D ^ fcfiMO C V D rn-tX^^i^-r-S^ C nltg 
T^S^o ^tOft^OfC. ^.ttX/^^y^itffl{i (Sgfk?^ 
fcMfS) Ar+02. (Mtl^tCjtf^) Ar+N2. 
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tiC VDSfctiP E C VDTS^o fSTk^yn-trXcolf 

rn-trX;9'Xti:S I H4i:N2i:'r'^^-efeO. 
TN2 07n-alStiS i HACOyu-mm^K^-r-oti^ 
€0\ tK^SSP E C VDOS 1 3N4itfflrn-trXtO^ 

s i c i4 + N2^^ffi-r^#-efeo. ctoit'&tiS 

[0 0 3 9] eyx^y^y^tifidg® (/cilJ^tf. A 1 

A 1 Ox (*^4 0 nm^W^LV^) ;6^±iS^n/c 
m:. x,^y^>^ij:^^^tsm.m (fc^x.tS. BC 
/cfiC I 2) ^ffi^LTX^y^^/S^y <^;6^ff^n. 
S i3N4CDP E C VDit» (*53 0 nm:6W^bV^) 

CO 0 4 0] X^y^><^CDffl^;b^^/'c^i2l^{C<|:oTl/^ 

500-650C-e. ^fcfi (RT A<Dil-&. ^1 0?5> 
6 om *^J5 5 0-7 0 0 CTfr^n^o 

[0 0 4 1] A I Oxii5a7'n-lrXOSJi6tC. ^x— /n 
tO^fflat^F e R AMS^^Sttibfco A I Oxii^ya 

Cii'^S^ (r^^ti. *5J1 Oioffl^OS^/cm^Tfe^ 
mc-r^ cfc 0 ±0 ly^J\yr-(D^ik(0 X — / N±cr)ff 

SU^^tS:? e R AMCi?^§?i?%ST^^^^«$n^) o F 
e R AM'>x-^N±tOA 1 OxtiSyn-feX^D^gSi: L 

^tutc*> x-zNCOSffiiJ^S^jJfe^-r^ C 
F e R AM^x-/N±cOA I OxtiSlT^n-trXO^^i: 
brr^SSiLrcli'&tcti. C(0X7^^y^O^tc«=Sj^S{|rJ 
?5fe^^?T3C^;b^T'^^o ^x-zNCO^fiiJ^iftJ^t-^/c 

A6 tc^ffl ^ n ^ ss^p^(ig«j{c <^ ffl ^ nrct> CO ^ 
[0 0 4 2] mmmmw<r>^\z.mwmw^ a-^^rc 
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mni^m (^112. 1 3 4^3<i:t;i eo) <Dm\cm^^ 

Un>. (S I CNO) . ^/c:(i:^{t'>Un> (^if^L 

^/mmmi^miiz. 1 3 4*5i;a*i 6 0fi:{f?^L< 

ti:. ^fk1&. FSG. PSG. BPSG. PETEO 

/O (iffSb<ti. S i LK. .1^— ^XS i LK. ^yu 
igK^^U-T- (^^^^.-K-^X) . x-ny;k 
n>>*;K M^-r^. HSQ. Srcti:ffilccOfteco;J^-^X 

TliJ^c^n^o ^-^<^t;^z:OI LD (1 12/13 
4) 0^>'^>^x^y htiF e R AM^i>*rL— ;Urn-feX(7) 
3Mg|5tC^S:&S:tSt"o lg-COiir^^m (1 3 4) (Dig 

$fKa:/n-trX5im^tDU v^'-^^-rt/a-fexo/c: 

-a-. ^^^T'i/H >'tiA I ^rc{tv^(D}£r\cn'r^^(D 

Tfc^o ^$^'=<'X;^jX;^^V'<-tf-i^3>' (A 1 arctic 
5t/c:^n/clf r:J3cfct/^S) Srcti:i/>^';1/ • ^-^Xti 

7.^mcomz^rc^tircwm<D^m(D}£T (ai. c 

x^S^ffiM-r^:/n-b:X;L'-hcof ^Tfi. f^^T;!/ 
30 • ^^7.t3 7.(DTyu—^ta:^X F e R AMT'n-trX 

[0 0 4 3] tfr^— tc5^r^:/n-trx:7n-fi:^^i7)3l 

T. fi£ScKg/x^y^Xh^y>^ (3ii«. J^{t'>U=r>. 

^mvr. /^^->'jgjs^nrcu>^xh^jB^t-^o ::i 

hx^y^^^^^Vo-feXti^^iOX^^y^. T^t> 
^mm±^-r-^zy^' ^»#) . x^y^X 

±tcco;5illgffiSt®ig (-• o^fcti:ffi3gC) . ^jILTx 

^i/^;b^p»r*fi:^v^) o mmii:mmmt^A 1 Ox^^os 13 
N4r''igj5!c^n§»5Siissfi?»jr'ii. si3N4tiiLDx 

-y^-^^lcM't^x.y ^X h *y ft LTf^fflT ^ C i:?b^ 
T'€§o Ctlit. ffl-^^Ox-y^V^^n^^igOP^TM 
L D/it^tcS^<0M?b^^^y-hX^y^>^O<fc5^M 
JO ^(Cjbfr^S?Px^y^>^T?fe^o ILDX'y^>^(0 
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S izNA^^tf (IfZTLtCcfcoTStB^n^) A 1 
O X U ^ fc ^ ^a°n^<^ffi U T:^^tcx ^ V ^ 

^n^o -sate. \£ymmti^4^^^^<DX\ t^t^dx-v 

^CilAW^bO^o F e R AMJifiSWcT:)^. gT® 
dflgf^go: ^ > y >^a -b X ^»-r ^ c ;b^#tcSS 

[0 0 4 4] IfZx^y^^^XT-^yycD^. X^y^V^^" 
cOfflfi^^£-r^fc46tC|^ffl^:/n-tXXir>y:/* (Xt" 

^y 2 2) ^?T-5 cl^:6W^Ut/\ PZTn^x^-y- 

5 0 C (m^^ja^ti i 5»;6-*e 2^ra?b^»^b(/^) 
^/-cti^S 5 0-7 0 0 C (RTAfil 03K>?b^e>6 0g> 

5 0 CT^l^J^^ORTA^^n-fcrXTS-So ±llS<?:>ffit!C 

r) tO(tiT^^aS^fT"9C^^>^?^Lt/\ C(D^:/>^3 

h;b^5 0 0C<i:0{g^/HgK*j5^t?S'5i&&Tfe^o ^- 
MfcitmiKD I L D ( 1 1 2/ 1 3 4) (0«;^^/^>^i 
^y htCcfcOcni^^^altltc^^i&a'tcti. RTAyn-tr 

[0 0 4 5] ^Ttm^-^ti^t. mm(D?^^^'^^- 

T a$/c:tiT i/T i NC>©^^hfetc. C u. W. K 
-t^vy^n/cA l^T^^S^-^Cfo i5t?^i:it«^£0^co 

tc, m.lf'yX^W^ itctK^t^ Ar. Ar+Nz) ^ 

if^. Ta. T aNxS/cifiT i N^M^MfflbZ-cm. 
C u v-- K/llt^^ff^ C ^A^jff S bt/^o CCO^. ai?b^ 

(i. CMPtc.i:or^*$n^o wcotfzoit^. t i 

b<, ^^i-^^XJ^Xr-Vfix^y^/^^y ^^/ctiCMP 
tC<fcom£^nSo A I \£T(Dm^. T i/X L NiO 
KgfOl^tCA I iib^ii^^n^ (CVD. U^^n-bAcP 
VD. ^/-cCiiSSP VD) o I LD(D±m±<DA I i,m 
^-t^tK ^/'c(i/^^-VJgfiSti:x^y^V<7:g:bT^S 

[0 0 4 6] ±m*ii:PZTA^Sma^O/N-Kvx^^: 
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sitS^y-/u^;^^>?b^F e R AM^^7?r5S3!^n^ortg 

^ ff # ^ / ^x ^y ^ > i^'lc ci: o TX ^y ^ > -;U 
cof5S5:/)^^b^^o bfc;b^oT. yn-trxSJffll^aS:* 

SMtc/suT. cn&cD^y-;i/ti«ffltcb^t/>r'jfcMr 
^ tmrn-^nrcm-^^at. f e r AMf^m'^m<Dmsk^ 

-b X^ffiffit" ^ C t> an^i.^ 
[0 0 4 7] 7^rL7'yU^vx:^x:/n-trxt;:*tfr 
^rn-t:x>^n"tcoi/^Titt9>^'r^o c CT-|fi0^r^:7 

(0^<tiffi^O>^n-fcrxyn-;l/-htc^STti^§o C 

/x^y^Xh-yy (jf?tb<fij^fl:'>Un>. Mt^^U 

o^^^bT. S-cO^MF^M^M{* .( I MDS/cti I 

LD) t^mm^tx^ (h^tc. ^<Dm^^^—^(Dmwi 

^g/x*y^Xh>yy;b^i^<) , ^^tc. UV^*^>^Y^ 

b^nM^ffi^brtrzpb^x^y^v^^n-s^b^ ^m^tm 

1£;0^fe^o Stc. T'a.7';l/^-^X;^7XZrD-^tc5*'r 
^^—(D (Sii/^) e/'coTX-^^ ^]i:^it^r/c:tt^Oii'& 
^^>:^#^/^o Uv^X hOr^yi^V^'. tfy'cox^y^^^ 

^y^>^*:/n-feX(DF4^/c(ix^y^X h ^y :/lc cfc »9 SiJ®I 
^n^o U'>*Xh;b^^£^n. x^y^^^'oiK^^ 

[0 0 4 8] ^cOXr-^y y^(ix^y^>^"mtOIn]lK^S!ll| 

^^^*^tc<i:oT$*jPi:?n^o p z T-e«^^n^a> 
f^v-y-^mi?:)*'^. c toi^sa^ti^^ b < (i;^ 5 o o 

40 - 6 5 0 C 1 5 53^7b^ ^ 2 ^P^iOM^jEp|S5aS(Oii 
-&) ^/cti5 5 0-7 0 0 C 1 Oli>7b^e^6 0#cOR 
T A:rn-fcrxtOit^) T'fTt>n^o Mtc^t 0$?^ bu^co 
fi*\J6 5 0CT*)^l5j^r^C0RTA:ra-fc:XTS^o -h^ 

ffiffi^^^g^s?^tb^o^^9tc. ^sis^sM 

/ctiAr) 04ir'^«a:@^ff -9 ci:^)»^bo\ co^ 

yv-H bo-oti. sp^^moss^A^ 5 0 0 c 

I L Dt?DS:feia/^v^x*y htCcfcDcnA^^pTfigfCJS: 
ofclt^. RT Ayn-t:X^<$fflbT^iOI LDtCj^b 

50 TDrtg^a;^/^v/*x V h=&{^-r^ci:ft^»^bi\ 



21 

CO 0 4 9] :k<D7.7--jifx^^t. mmt^f^^wm-^ 

cu. w. K-t!v^^nrcA i^#t?o w^hmmt 
N2) '^m,m\.x\iT<D^^^im't^z.hitm'^i. 

[0 0 5 0] 7^:x7';U^VX;^X£0T:/a— ^tc:fett^ 

CO 0 5 1] ±«^-^£0mmW}l^^^^;l^<fc9tc^>' 
1 3 St^lBf&'^n^o ^Vi^n;^^ h(i#f* 

1 4 Aicmu^n^o mi^i 4 4t±if?^L<t^K^^:/ 
1 4 otcsi!^n§o f^-yt^^^-tv i 4 oti^tF 

CO 0 5 2] :^^BM(D-mmmic'o^^ro:>i;ir(Dmm 

CO 0 5 3] 1^3 a:fecJ:D*^2C07^U-feXX-r^y/2 0 

jmmma^mi 1 2 7b^?^^^n. ^m<t 

^n^o :7:i- hL->*7:h» ;b^Jg^^n. 

tcj^js^n^o y^yi 1 4 4oj:D'-^-r'^-/Kgi 1 
6^m^r^^o\c. if^mmm^mm ccmp : c h 

emical— mechanicalpol ishin 

g) ^i^mLx. u^^vmmmi^m<D±^c^^mmit<D 
unt^^ i-~ymmm(D^^^:i^-j ^ ^ l xmm 

CO 0 5 4] [S2tDX-r*y'rtC^-r<i:3tC. -/S^O^ft: 

^gM3 0 2*^3i5?wtcjBfig^n^o t-r. cvD m 
N2(D^(D^ft^^:^^<-^^mm\c^'Dxmm-^ri^T i 

A I N (jf?^ U < 3 0 n m) LT. T I N 



(12) 1tr^2 00 1 - 2 1 0 7 9.8 

22 

L < (i. 3^ 5 0 n m) ;b^l«=S^n^o T i A I ^ 

n-trxtiiff ^ b < ti:. $5 5 0 n m/5i'<Oli«3ija/)^^;5c 
^nSi:-9tcX/^y^m:/7^^^bT. ArhN2 
4 0/6 0CDj??®lt) tO^^TS^ISSOC (^^x-zn^ 

10 (12 2) ^Bf^r^^^X^^o 

coo 5 5] :k\C^ X7^^yy2 0 4 r% TS^«5^3 0 
4 (12 4) tiWjS.'^tl^o CCDZi^r'y^^Bf^'t^ 

J|Bt3 0 4^-Oi-X±<^ilT^S^bTfe<fcl/\ CtO^SSC^J 
T*ti:®3 0 4tijf?^L<ti. A r i:02£OI?fflmiDt?iT 
SJS14X/-^^y^iia{i:i;oT±ia^n^ 1 rOx(0 3 0 
nmT<?:>X/^y^lt»ti:J:-:>rii«^n^^2 0 nmO 

1 rTS^^n^o mwnxhiD^sr^ipiu^g^coft' 

20 ^L<ti. i^5 0 nm/^:)'*'«^^^n^<fc9tCXA^y^ 
mti^m'^l^X. A r<D^Xm3 0 0C<D^x.-/^i^& 
X\ ^OIl^tC;?j^XI?H^^A r+02 (3 0/7 0) 
tc^^. I r Ox^Dlt=H3iSf;b^S?J3 0 nm/:«^i::^^.fc 

^^cx/^>y^m;^^P^i-^c^^c<fc^). frt^n^o ft 

1 0 0 nmiXTO 1 r^. J: 0 »^ b < ti*^J 5 0 nm(0 

CO 0 5 6] T i Nti^tffl^y— yl/tO^Tit^U. T i A 
1 Nti. I r h I r Ox cD-:;5'S/c:ti(^;6-tO^SMtC^ 

5a ^x^^n^^ffl^y-^vo^^r^ita^n^ c ttm^ b 

l/^o Rff^=3Xh^W;5/c46tC[WiU^g^Off5T I 
I rOx^««i-^ChtJfF^H/>o T 1 A I NfDit^ 

't±;^^X(D^iaili: (3^1 nmCOT i N?b^^S^n^) 
^X-T^rt^O-Tj^/cti:!^:^*^! i A 1 NOJtaofutc 

CO 0 5 7] gI3 bti:^-ri;-5tc. XT-^yy2 OS-en 

>xv^t^m^*;i 3 0 6 7b^jgj5g^n^o u < ti® 3 

0 6 (1 2 6) ti. ^S^SC VD (MOC VD) 
^0 fflLTJg/S^n^P ZTCD 1 0 0 nm*S (5 0 nm*'^ 

^mr^cti^x^^o a»^^^af*x^^y^></if 

14 (:^$?5:X^^y^>'^5j^Si:itgiWS^JgtcM.x^t: 
XT^Ui/X;!/-:/) ^m^fcib^Citm^^Z r/T iS^ 
(i*5 2 0/8 OT'^^o ^^f^t)':)tc, X-r'y^>^*5i^ 

6 5/3 5C0Z r/T I Ll/^C ^>^^o M 

fc. *50. 5^^e> 1 %cOK— :^K— /^^hTK— ^F— 
tf>y^n/cPZTi:f ^Ci:/)W^Ui/\ K-^F- 
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^^>hi,tf^xm(Dm^(Dmm^m^f^ct\c^^^ pz 

T(Dmm^^^mT^o MOC VDyn-trX^ffti»^ 

c oflav>) asT-fT^n^o p z T(Dmmm.mi^t i o 

ffi<*tC«J#-r^o MOC VD*Pti— Q^fctiZlOtD^gft 

y;Ui^ftgfJ (02. N2O. ^/ctiH2 0. 02;bW®) 

CO 0 5 8] X-r^y 7^2 1 0T% ±S®3 0 8/3 1 0 
(1 2 8/1 3 0) ;^)<Jg^^n^a PZTzr>7^>+f-S| 
m^O^. jf?®=S:±mffiX^^y^ti:. PZIiiyr'^^ 
■9-iima:)±tcjg^^n/c:A r O2 rtO^SiSftP V D 2(? 
ECj;oTltS^n/c|(5 2.0 nmCD I rOx(D±frCArF^ 
(DPyDlC^-oXmrn-^nrcmi 0 nm(Dl r^®^^ 
n^o tfc«?6^f£t/^X/^^y^S;b. b/c/)^^T. M^^mm 
mm (2 0 nm/5i^t5^7b^»^LO>) T5^DiOT;bdry 
5 0%i:8 0%t(om<DO2t(D:^:^m^^(D^X* 4 

CO 0 5 9] 7.^-jlf2 1 2T% /N-K-TX^S 1 2 

(13 2) ^^WL't'^^o\z. f^-Y^^^mtimWu^ 30 

>'N— F-TX<>ti. 3i>T^>-»tX^^y ^cOf^)gcCDa:^y^> 

^ ^ X ^y ^ V n=fe i ^^nvmfS. ^ n 
/N-K-TX^«^^:6^»mttr*sncf. ^n^mt&x 

jff^b<ti. /N— KTX^ii2 0 0 nmCOX/^'y 
^iia^n/cT i A I N (4 0%OA 1 ^-^^y A 
rH-N2 (5 0/5 0) . 4 0 0 C 00*^7 x— /Nt^S) 
^^^n^o RBmXf^t^ /N-Fvx^{i5 0 nmCOT 
i A 1 Ncr)±<D3 0 0 nmCDS 1 02T«^^n^o S 
i OztiT E O S^DP E C VDtC^oTiia^n^o /^ 
— K-TX^X^^y^y^Ofe-^— OCO^SSfi^iJti:. 5 0nmO 
T I A I NcD±ti:?^ffi^n/c2 0 nmOT i A I OcD± 
^cBfS.'^nrc. 1 2 0 nmtDT 1 A 1 iO±<03 0 nmO 
T i A I NT'fe'So cineiD-r-^TO®fi<fF^L<ti. 
f5lC^t04J<0X/<*y^ltS{C<^oTita^n^a CC 

2 (5 0/5 0) . ^Oig^Ar. Kffc«fef^Oii'&A r 
-h02 (9 0/1 0) ^rciiA r +N2 + O2 (8 5/1 
0/5) ) ^^;^§Ci:^<fc»3iiaiO^^C^K.^n§o 50 
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T I A I N(^if?^b<ti. *5 1 0 0 nm/5i^tOT I A 1 

mmtEti^o cn^cDT^rcom^. t i a i n^t i 

Co 0 6 0] U V^'^:7-<y-;Ucor?S5!^g5lh-r^/ci6 

3^tCcfcr3T:fe^^n^ (fc^j^tf. ^nt^s i. s 10 

2. ^/ctiS i3N4iD^'&) o Sx^ai^y^><>*P ZT 
ti. ^o^iTD^^. ^rct^ (MtC<^O^f?^b<ti) 
^^:fe<fctf^o^(Da:^y^>^^So^i:Oil^^. /ch^ 
tfH20 + HF+HC I ^/'cCiH20 + NH3 F + HC I 

/ai>y>?tc#^EU?#^{gLx-^;l/CO I r ^>^£-r^o 
C0 0 6 i] ^tOSf*JgScD^^^->?g^^><^ffir^C 

^->jg^vx^;?)^m^nrd^. X^^y^^f*^CCO 

— 30DVX^T*Jc:^y^>^-r^ i.^^^v'fZ 1 4) o b 
fcff^-DX. C^OX^y^V^liy'N-Kx^X^^. ±mfe P 
ZT. TSffi. ^DJ:t;TmSffiifcf^g^x^y^>'^*T'5 

CO 0 6 2] ^— CDX^y^y^'TT'n— OOig^ 
je:/^Xx'x>y^>^-M^ffifflf ^c^ntci:*}. iwibx 
^y ^^-v^'^TWTtoyn-trxs/"^ >x^<£ffi bT cn 

(^^■r^^p^^^mbTx^y^vy^n^ (s i 02 

/N-Kvx<^7b^ffiffl^n;S:l^^-^. CCDit-g-^o^^ifi 
^^D^a;b'«^g^^n^) o — WIC)T i A 1 NX^y^vy 
U'>tf{±. Cl2i:N2 (8 0/2 0) OX'y^y</^SC 
^1 OmTo r r (OEEti. ^^U^iiL(DmW^'<T 
X-e«^^n^o T i A 1 OxTtjVN— F^X^O— gPT 

^t/^iSm:^Xf^^yy':6M^fAD^n^o /n— Fx^X^OX^y 

*^J4 0mTo r r OJEt? 
XT*02i:N2 (8 5/1 5) ^^fflbrUv^XF;!)^^£ 
^n^o I r/I r OxJi«Sti$?Sb<t^. ^S/WZ 

($^3mTorr)-eC 1 2 + N2 + 02^o^ (60/2 
0/2 0) ^i^MbTx^y^^^-^n^o ^^^^f^Jfjab 
T. I rX^y^y^'^T i A 1 N/n— F^^X^X^y ^> 

:^ 0^1 OmT o r r ) ^igS«/^^ZX (*^ 1 0 0 n 
m/02 (^J^OX^y^^^-MS) T'^^^^o^^#Cr 
^JS^ifS (C i2 + CF4 + N2-f-45/l 5/20/2 
0) ) iOEf^T'X^yf^yy^n^a CiO^-g-^. PZTX 
^y ^ > ^ F X ^ X «y 9^ y ji[ cor^co S 

»^^s^is^6tii{c b. p z Tt^(b<Dmmm9^^m4^^c 
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±®<S^IpIi:U5/t!T'X'y^>'^?^^nSo T I A I NT 

n^o :^-j'f-y^muM^tc xit^i (8 0/20) ^ 

^CTo ^fl^t^^\.<,\tm\ OmTo r rTfeO. x>y 

CO 0 6 3] tDx^y^>>^r:/ci-^ti:iSrax^y^ 
^^Va-trX^^^^LT. I r. I rOx. ^Scfct/PZ 
T J: -5 =^S^aifi < (0{£»%1i(0aiS^ X ^y ^ V <J/-r 

s i s i 02i,t^'rmm(D 

S i 02X.>y^>^*m^a:^mmL'rWm<DS l 02X^y^ 

1g2pcDZ^y v^X^ya-trX (/c^^Cf. O24-N2 + H2 

(Si O2OTO) T i A 1 Nt^. $f^L<ti. tu 

'^^^&f3 (1 5-20mTor r) "^1 r CDBufrCiSrSx 
^y^V^J^'^^Ot^i-ex^y^^y^n^o T i A 1 N/n-F 
vx^co^. MISODT^n-trX^fftcSffitUfc^^n-bX 
^{^TMStcitti/^x^y^V^Sf^Tb^^^M^n^o Ui^7.h 

£T-#^o I r/I rOx±mm. PZT. I rOx/I 

MBEtitf^ 10^20 mTorr t(OmiCi3:^C t^m^ 

xmux^mm i^rccot mmr^x, >y ^ > u e ^^^^ l 
CO 0 6 4] si^m. d i<DH2 0i^rci,t^m 

(fct^i^. H2 0H-NH4F-hHCl (500: i: 

1) ) co^;^*yx^y>7jjfe^r'^v^ocfitc^x->'N^^i 

Lfdk. D I cDH2 0fDXtf>. U >X. ^jS^tr^C 

CO 0 6 5] :k<Dy'u^xitm3 c^c^r^oi>c. mm. 
i&mmms 1 4/3 i e (1 1 8/ 1 2 0) <Dmm^^ 

t? (XT-^y7^2 1 8) o CO/l(0f»J;=Sti. c(Dmtmm 
ti^ft^^b^xii^AcOllS 16 (118) tm{t->Vzi 

xDMs 14 (12 0) xmf&'^n^o i&<Dmmm%^ 

■t^X^ -J ^^rzi,t'e(Dmcm< igSS^I^^2L^X-r ^y yic 

cfc-9{cs^3n§o «F]air^n-^tiA 1 Oi^it^a-r^ 

C^T^^ (15-5 0nm. <i:DiifSL<(iPVDtc 
J:;5 3 0 nm. ^fctiMO C V DfrC<i:§ 2 0 n m) o A 
1 OiOX/^v^«lfflti»^L<(i. /^;l/Xt^DCm^g 
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t»inA I ^-y^y h^{^fflU (1 5 nm/5j^i:0/h 
^V^) {gitiffligjg. 3 0 0 C£0*>x"/Nraa[. Ar+0 
2 (9 2/8) ^^^ffibT?T^n^o 
CO 0 6 6] +gSr5^«:l»±-r^/c:A6tC. JS^m^y 
Tf>^ttOX'y^>ify-;k Xtf>U>XlE 
iS. feJ:t/S!lilffigScy— ;Uti:F e R AM:/n-bX^v^*^ 
-;l/«ffltcLT«fflL^l/^<l^;bW^H/\ FeRAM 

CO 0 6 7] mm(ommi^mm'y-^^(om^^m±r^ 

x^y^y^yn-trxtir^x— (fcii^tf. S i. S i 

02. ^/ctis i3N4T-fe^^'&) osffldtc^ft-r^M 

^^-z^mm. ^rc(*Mlc{ff^L<ti:H2 0 + HF + 
HC L^/cfiH20 + NH3F+HC lOcfc^^ffi^h^ 

^ati^x->'NtDS<l/^Dtc^ffiL^§<gW;l'iO I 

r ^m^r^o 

Co 0 6 8] ^^(0^t?^X-r^y:/ti. S i H4-f N2£D*tfM 
rn-trx (1-1 0 0-7n— j^jg) coP E C VDtc<fc^ 
i 3N4CDX^y^Xh>yy£OitS ()^ 1 5-5 On 
m. ci:0»^L<(i:2 0 nm) "eS^o 

CO 0 6 9] 3yf'>^tcfc»9±tcii^t-§C^7b^r^#^ 

^^(D'pim^Bmmmfii (i ld) ;^)^^^o fbram 

:/n -tr X ^ i>* :i -;l/o:) g 11ti:Se^«:SJM-r ^ c i: T fi: 75: 
30 <X. >^n-frx:7n":^^7='/WXcO5^0 (fc^x.^^. li 

itt. cnti: (PZTit«f^^D) ^>'^>^*x^y h^^BOO 

CO 0 7 0] I LDit«ftO«yt^/V::;x^y h*'«6 0 0 

C^:;^)W^Ll^ (Pltg^^. RTAtC,^0 6 0SB)r^O 
2F^T6 0 0;6^?>6 5 0 C) o 
40 COO 7 1] I LDi^mmc^ ^yyM±itf^L<i,tC 
MPtCj:»?^iflft^n^o 

CO 0 7 2] ^<y^JL-y\^(D^^^^'^-iy3Z/{Zt,t^ 
SOpTHllS^b^fe^o CtO^-g-^i. FeRAM^n-trX^ 

x^y^yyyn-trXiittc^f^l^/^i/'x^y htc^fS^:^: 
iSr^'&tcfi. F e R AMya-trX^i^^— yl/tc^g;& 
50 :&i?-ro :ZO(7>/^^y<>X>FcO;?<^-^-r-ff— i/av:??^ 
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\^-D^^XWmt'^. -OOSS^tcfi. Al;^^^'Y-tf- 

# (f£^/^'>*x'y h) CDC u'riLT;l/^'TX;t7X:ra-fe 

[0 0 7 3] V^}£TtA 1 ^^^^-tf-v^H y<0<5»j£D^ 
r3>'x>'9-^0±CH L D;6^6 0 OcfcO;^^^/^!^/^ 

[0 0 7 4] cMP^mm. }£T(D^^^-ymm^n 

^ review ^"^y^mrt^n^o ^^tc. 4X7^^yycr) 

X>y^y>7\ s i3N4X^y^><5^\ ^5<fctfA 1 OxX^y 
^<£fflbTtrTtDXv^>'^*:6^fTt)n^o A 1 

Oxx^y^>^*^^;5:ttnts. cnfiS^oezx^y ^> 

</:/n-b:7;T-fe^o $f®=^A I OxX^y^v^'T'n-feX 
ii. i&&ti (i^5mTo r r) T;^^^D C >'WZXCD 
mmmy^X^^mmT^o A lOxi:S i3N4COX^y 

ie^g^^n^:t— /^X^y9="><^*iDa;6^«/Nc%§o CO) 
X^y^>'>7-;6VN— FVX^ 3 12/13 2 COigffiTf^ 20 
if^^V ^fcti/N— Ftx^ 3 12/13 2i^tc:gi555^ 
6^lccD^x^y^>'^'-r§C^;b^fi^T'S5o x^y^>^ 
X7^^y:rcOJ^;^«^m;^)W^bt/>o If TtOX^y 

M^PtoeTjft^T'n-trXT'tiji^. ^SlJ}fe^^^D^t^c 

D I xif >/u>x/?^^^^fTt>n^o 

[00 7 5] Xx^yT'Z 2 2 T% ®» 1 3 2^^-r-^- 
1 3 8<DJg^OSijtc. 2|s:^B.^cD^J8ia;g:fT^Ci:tcJ: 
0. (^Sm«mx^y^V^\ ^ictfnv^ 
^ hx^y^V^'OcJ:^^) 3>-rV^tX^^y ^®Stc<J; JO 

(Dmm<o&<vp bt3^^t>ti^o p ztjkf*3op bioc 
mmmm^^n. trzuco/^^-vfBfiSc^iX'y^v^jf 

n^o ^JQill^mi. Ar. N2. ^fci^X^Ocfcd^ 
^St4l?H^04'T'*>J4 0 OTb^es 0 0 C 
<{i:. ^5 0 0;b^67 0 0C. gfejt?SL<ti. *56 0 
OC) r\ 9I^^HA^*^J3 0#7b^e»55i^ (cJ:D{?^L< 
(i. i^l;b^6 45>. gfeii?SL<ti. ^2») T'^^o 
I LD^/^i/'x-y hA^cn«:fF*=Q;0^^(C(i. RTA 
^c^0T*^§PgD:^e^f»J^prg6^Sa/^i^*x^y 

[0 0 7 6]:^^{C. A r ^/-ctiA r 4-H2^(gffi-r^lf 
rcDX/^^yiJ'iJEif^tC. T i ±(DT i N(DX>'^ -y ^liSI 50 
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/N±OF e R AMr^^A^^^nrcif-a-tCti. r§S3:^nrc 
=3>^>7 hx^y^V^f^cDT'^TcD^y— yUti^ffi^r^ 
rn-feX77a-cOC(D;STF e R AMr§^ 

[0 0 7 7] ^^ffl^n^^'&tcti. \£Y^^rcTriii5biC 
C VD£OW*^it«^n> CMP prefix ^y^^y^^y^;^^ 

S^T i N±\C&^ (C u K-tf>^'^nfc) A 1 <D± 

XtiF e R AMrn-bX^>?:x— ;Ut7D^^gtt=&l/^o 

;<^^^-tf->'3>rn-tXX-r^y:/[^T% S/c 
ti^n-trxy n-cD^t> tcJg^:^'X^J[i^:&<^ffit-^ 

[0 0 7 8] {£K^m (fS^>'^>^x^y h) (DCxxr"^ 

I L DOmmmc 450 CcDgp^l^^^v^x^y U 
l/\ 3>x>-^£7)X^y^>yco^{i;&^St*^/c^tC®| 

[0 0 7 9] CMPmc^ C VDtCcfcO S i CON^O» 
U^X^y^Xh^yy (1 5nm) A^ii«:jnfc^. fiKT^ 
ffil^/^v^x^y hiO I MD^>'^>^x^y h;»b^iSa^n. 
fttCS i C ONiD'fed— OCO^t/^ ( 1 5 n m) X^y^X 

C^^it^) . S i CO 
N. I MD. S i CON. ILD. S i 3 N4. A 1 Ox 
^iibrtTTOX^y^V^-^^fT^^^T-S^o Si3N4 
t:A i OxtOp^^coi/^TtiK^c^B^Lfco l/i/- 
Xh;b^^^^n. tfZTb^ (^ff^U<(i:®S:>^n-feX^ffi 

^t^ SI^R5±=3"7"-<>'^- (S^^-a-) . S i CON. 
fecfct/ I MD/cCt^iibr^SX'y^>^'^fT^ CiltC 
<tO. TifflOS i CON^±Tlh^^o ^X}fC^ Uv^Xh 

S/ctiN2t/'ceii(f®^S1±;d'X(04^T'CD^ 
®X^y^>'<;f?^tCfiJfflT'^^«^fi/^v^x'y hX^mm^ 

<D I MD/)^e>CMPiCj;^>^£^n^o 
[0 0 8 0] cne>^^O^y-;l/^>l|fflT^35:0>C^;b^!ff 
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0 S!lS^ n/c /f »i7 X— /Njt CO F e R AMr5^:6^^;^ 

[0 0 8 1] M7i<^3>^i^ hx^>^>^c0^figCT 
^mn(DC,(^nmm\t. I^Zcorn-trXX-r^yT^S 2 0 

^mw^mi<Diy-^)\^\ 7 oio^^^-f-^f— >3 vtcg^ 

co/iTS^$n. co^j-eT i A 1 Hmt'^±MM(D±.\c 
^ nr n ^f^v-9-x ^y <>±tc mm.^^f&t ^ct tf^x 

il4 0 2{i^tf^U<tiA 1 OxT'^Sc^n. il4 

0 4tiiff^b<(±A 1 NT^^g^^n^o »^b<{i. ^ i(? 
4 0 2. 4 0 4. 4o<i:tf 4 0 6Ot4Jt0^a— OC0g{±P 
F^X^y^Xh'y:^«3^. i?^L<(iMbv'Ua>'T^«^ 
^n^o f^aS^tCti. CH F3^/c{iCH2 F2(Dcfc3=^ 
7ic^;&^t?r^Xv«:<^ffiUTMt:>'U n V{i:x^y^>' 
^*^n^o L/i^^rpT. cnSOS^X^y^V^-bTT 

1 A I Nmt::i>'-T>^(D±mm(D~y3^rcitmy3^(D 
/I. A I OxM. A 1 Nmm^m^:x.-y^y^') (dtc^ 

to. 7K^C0^t/>X'y^>^ffl^^;&^€?o Sic. dcOX 
^y^>'^mK^fe'.fct;x^y^>yyn-trXtiT i A I 
N. S3 1 2(Omm^mzii\^xt'^r^K>WRmx^^^ 
^X&^o cnic<i;t). *^P^tO:3:/^^ hx^y^^^^^ 
tOtt. COMcO-gPti±mffi±T*^*5 6^(/^S^i:*: 

m^cm\^<mmr^t. :*:^0^os4O2. 4o 

4. 4 0 6. 4 0 8. 4 1 0^^X^y^>y-r^rca6O 
X-y^V^MMHtiC F4. C2F6. C4F8. CsFa. 50 
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CxFy. NF3. S F6$/c:ti^n^<Offjtcom'&feHtT 

*^0^ti:5*T^X'y^>y^^^tif^AD6gtC. Ar. N 
2. O2. O3. CO. CO2. NH3. H2. CxHy. N2 

o. NO. H20. ^rcit^niE><Dm^t>'^xmfS.^n 

Htc. 7i<^^'g't?n>'^^ hx^y^^yoXT^^y 
ti7K*^#Cr;^j'X^a^. NH3. H2. CxHy. H2O. 
C2F5H. C4F7H. CF3H. Cx FyHz^fe#A.T-fe 

m^tOP^tCfe^^-g-tCti. 7j<^^$CrX^y^>yffia 

^^^^^ L T^tit ^X ^y ^ > L r <fc 0 \ 
[0 0 8 3] 04 atC:^1-<^3tC. ^^ttr'^WXSa^ 

mmmi^m 4 o 8 ?b'«j^^^n^o u^l< ti:. u-s;i/pi 
4 0 8 1 £0® 1 3 4 tmmxs> 0 . ^ft 

FSG. PSG. BPSG. PETEOS. HDP 

ti. S i LK. ^XS i L K. -r^nV. fgK.1^U 

V- (^5i^^-^X) . x-ny;k 

-r-V. HSQ. ^rc:tifiE#.cDfBc0.1^"^X;^7^X*t 

n^o ig^^J^-s-tcfi. ii4 0 8(i¥a{k^n. ^lt 

if^L<(±. HDP^ftl*^. Mk'>U=r>. mitMit 

^fcti^n^c03S'&t>-l±^/cti:X^^y^T*S^^n 
^4^-v^y tfv^*KmM^¥fflfl::M4 0 8 0±tcjB^b 
x^BiS.Lrj:<ir^^\^\ c(D^-^y}^>^*mm»mii± 
i^tcf^^^nrv^^i/^o M4 0 8 tiHoco«i^r*^^^ 

n^fiSifc^gco±tc?g^^n^o ffil^^^(iaig!®i:L 
T^'^nri/^^Tb'^. nv-rv-y-x^^y^tcj^r^iffiis^ 

JB^T ^ /c a6 STattTX -y ^7 ^ -y ^ T ^5 c i: ^> ^ 

<^M-r§fi&CO^^^.nrtgT^^o /14 0 2tiif?$L< 
(i. AI2O3. <i:0— fi5&^tu^tttf A 1 Ox. Ta 
2OS. A 1 N. T i O2. Zr02. Hf02. S/cfi^ 
ne)(Offifi(OX^^y^^^fc(im^'a't?-tJ:(0. ^5;b^^5 
0 nm. <J;^if^L<ti3fe^l 0 7b>^ 3 0 nm. Rfe^t?^ 
L<ti^ 1 5?b^e>2 0 nmr-S^^n^o »^L<ti:. 
/I4 0 4(i. A 1 N. A 1 Ox. Ta2 05. T i O2. Z 
r02. Hf02. Sfcti^ne>Offi^(0X^v<^S/c{i 
iS^-a-^^-^O. 0*^67 5 nm. J:f9»^L<til5 
2 0;&^e)3 0nm. a^>»S L < til^J 4 0 5 0 n m 

"eii^^n^o /i4 0 6ti^^^b<ii. sixWy. si 
3N4. A 1 N. ^fcti^necoffiitox^^y^^rctim 

^^t^-^(D^ *^J2 1 ;?)^^ 1 0 0 nm. <fc'9»^L<til5 
25;b^^55nm. U < 3 0 7b^^ 4 0 n m 

Xmf&'^tl^o CC0^ti:g4 0 8OX^y^>^C0^. X 
'y^Xh-yy^LTtOfSa^S/c-ro C<0/ltc*^T^x 

[00 8 4] 04b iCTjkT^ o tc. U-<7bP^^mf*® 4 
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0 8 <D±.\Z BARCCbotComantirefle 
ctive coating. TS*fK±n— r-O 

1 2 (.^Tc^t^cD^^^-lyBimm Tb^m^n. 3V 
^^h4 1 4:fe<fcCf4 1 6^Jg^'r-<^B ARCil4 1 
0(D^6^^m\^^^^r>\z^^^-yB^^ti^o BAR 

llfflfftj tc f ^ j?? six *y ^ > <7/ ^ V ^ - ^ ;b^S 2 ^ L 
TS^o BAR CM 4 1 O^^X^y^V^'^n/c^. M4 

yffllS^TU^;UHSia*»4 0 8;6^X-y^>'<j7^n 
^4K\C^ ®4 0 6. 4 0 4. *5<tD*4 0 2;b^X'y^> 

^^^o C<Dmm\X^\t. tMffiitKg/l 4 0 2 . 4 0 

4. :fo<fct>-4 0 6ti-r^r[^i;M7K^x>y^>^*^s,^ 

<^^LTx^y5^><>*$n§o ®4 0 2. 4 0 4. ^^XS 
4 0 6ti. X^y^><y^nSBcOL/c«DilfCj^-r^X^y 

IS^*3 J: t>'S^ § Xv^fr T^x ^y 9^ >' b T ^xJ: 

LA^L. _ha*lil3 1 O^Sttit-^ifcoy^X^x 2(? 

CO 0 8 5] ^2\c7^r^mn(D-'mmm\ciit^^m 

x^y^>^-rn-lrXT'(i. S?^L<tiS i 02T^fig^ 
n^»4 0 8{i. ifF^L<{i:S i iNAXm^^tl^M A 
0 6tcJ*br5 : 1 <i:ti:^^0^X^y^vyil^ffiT*53 
0 0 nm/5i^cO^STX^y^><^^nrco *:%0^iOC(^ 
*fiS«?»JTii:fMD-r^X^'ra4rX^<^^L. Mzk^x^y 
^>^mUm^^mi.X. ®4 0 6. 4 0 4. ^^XSA 
0 2 7b^X^y^><>^^n^o 30 
[0086] 04c \Z7j<t^o\Z^ MAO 2$5<i:t>*4 0 
4cOSffia55i^C0X^y5^>':5f(Otu^rcti^tC. y^thiyi^ 
XhVX^4 1 2^5<:fcCFB AR CM4 1 O^&i^^f^C 
i:*^T*€. #ftX7^^y:/^^?Tr^C^^^T^#§o »^ 
L<ti. M4 0 2^'cfctf 4 0 4tOSffia55i'(i|WIi:^F^T 

-trX^ff;b^^2ti:^LT^^o ^2"eTF0(i" t hr 
ottle fully open" (Xa^y 

^gi553^WtcP^StbT. r^XTM^OJE:^r^SJ®'r^c^ 
t^X^^o Mtc. rz2^;UaSflltJ Oi-r;4->'-7v^y^X 

^ j\^<Dmm^tn^nT>^Tm&xmLrc^(Dx^ 

ffl L T t/ > ^ Xvx ^y ^ > y *y — ;l/T'^ ^ iif^jgM O 
R I V-Xtc1^^<Ot>cDT'fe§o SimO:tirx^p^tcj:§ 
S^^x^y^v^^y^^y h4^-i:K±(OS<Hco:/n-t:x 

f3K :^^mxmm'^nrcmm(oi^^^^^:^ii-rx^ 
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[0 0 8 7] \:AT<oit?mmmmx(^mmm.mmmift. » 

^b<{iJ^3 3 0 n m(Om^(DS i 3 N4(0±@7b^e>:^^ 2 
@T«^^n^o S i 3N4M^^nci:0±iOt--^TC>M 
ti. ^i:p(DX^y^>^-Sp°p^<IffiLTn>^<;^hX-y^ 
V^T-X^y^V^f-r^^TS^o <ll?POX>y5^>^'^p^ 
fi7ic^;^-&A.T'fe^^^<T^>J:i/\ SJS14X'y^><^ 
^□^ti-5^o^^-<-X^LTU^^o 7ic^:^#^^l-^a^p 
TA 1 OxM^x^y^>'^-r^rca6fc. :^^tc8SP^-r^x 
^y^>^p°p:Joi:t>'rn'tX^fffigjlft^n^o 

iE. ^ijs^'j^^^X'TT'^^o A I 0x^c^^-r^^ff^^x 

^y5^>>f^p^(i^^fk^%|^a, ^om^p^p. 

Sh. ^^ZfmmWiS'aX^^o N2^^tt)0tc^S14:^'x 

f^t)0tCC2F6. C4F8. CsFs. CxFy. NFi. S 
F6C0^^^m<DijX^^mX^^o CI2. BCI3. 

cxFyC \zit^mm(Dm(Dmsj^mmr^ct^x^ 
itfmm^^(Dm^mMm^^Wim (s c cmmao tt 

fetc^^-r^. Cl2-!-CF4 + NO (2 0-6 0/0-5 
0/2 0-5 0). C I 2-hC F4 + N2 + O2 (20-6 
0/0-5 0/0-5 0/1 0-3 0). CI2 + CF4 
+ Ar+02 (2 0-6 0/0-5 0/0-5 0/1 0 
-30). CI2 + CF44-N2 + CO (20-60/0 
-5 0/0-4 0/1 0-3 0) X^^o Ctlib(Om^n 
(D-r^Xit. A i Ox^. ^(DTiC^^. §f^L<CiT 

1 N^fctiT i A I NxmfS.^n^mmit(D^^mw:WL 
mmt<Dm<DJiy^> ^*ms^^#r § /c a6 tc mitm 

^>^p^co— ::>cDM(iC I2/O2/C F4 (5 0/2 
0/2 0 s c c m) X$>^o Ctlitfi^S 0 nm/'1^<Dk 
I OxCOX>y^>'^-3gg:&^^'r^/ca6tC. 1 2 0 OW 
0«if.m:^j. 3 0 OW^D/WT'Xm;^;. ^o<i:D*8mTo 
r rOyn-feX^fl^T'?»J^^n^o m-(0<5»JtiC 1 2/ 
N2/O2 (25/25/25sccm) T*^»9. Ctlfi 
1 2 0 OWOSigS;^;. 4 0 0 WcO/^-YZXS;^. :}ocfc 
aF5mT o r r <orn-trX^ff tc^^ bT 8 nm/^j^OA 
1 Ox(Ox*y^>^lSa[^-^;S:;iTl/^^o 

[0 0 8 8] cn^(07m:'^nrcm^uo:>—^(D^mt. 
Tfe^x^y^v^ur^^^c r ^ mM(Di^imtf^m<Dm. 

t^(,£. ^^—:M. 1:1. 1:2. 1:4. 1 : 
8. 1:12. 1:25) T'i6fF^-l^§/)\ ^L<tiX 
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f^^-tir^o ccOiJfeJtyn-trXT'ti. Ar. N2. CFa<D 

cfc a '^ji'pmco^'Dmit^^^t 1 1> tc 02 ^{^ffl'r ^ c 

[0 0 8 9] :/n-trX7n-tc^oTti. ©MffifC^S 

{llligffiStKgcoitSi:. ^comfrcS?<x^y^yS^y^ya 
-trXi:^#ifo X'y^v^^r^XT^^yy^SO^^^^a 
SXT-^yT'^^ttCf. ^^OiM^ya-trxXT^-y^ti:^ 



(18) l^mz 001-210793 

*X^y^Xh'yyi:LTf^M~r ^C^T'«^o A 1 0>tX 
^y^^^yi^yu-tXtS i 3N4n>^^7 hx^y^x h^y 

xai^y^/^«y ^-/o-bXtififScOifFaA 1 OxU^y^^ h 
X>y^>^yn-trXi:|WIi:7?S^o iffi^S l3N4X^y9^ 
>^yn-t:x{i:. ffiffl■r^^^:Lrfe^^;^]^X^^^i:^^ 
^fJffl-^-r. U/c:6'«oT. ^f«^n/c:^o^^-g't?:^fXtO 
fi;6^iix^C^^^tt(f. tuf2C>{ffmA 1 OxX^y^ 

JO >^:/n-trx^[wii;T*S^o 
Co 0 9 0] 



^ 2 









/i 402,404,^0 


(mTorr) 


TFO <*-l,75) 


TFO (-2^) 


TFO (-Z0) 




1250 


1000 


1500 




500 


1000 


1000 




25:70 


25:75 


25:70 


C3F6 (seem) 




35 




CH2F2(5CCxn) 


20 


40 




CHF3 (scczn) 




SO 




CF4 (scan) 


75 




30 


Ar (seem) 






70 


He^^SPCTorr) 


15 


15 


15 




20 


20 


20 




30 


115 


70 



[0 0 9 1] »SL<fi. M4 0 2 43cttf4 0 4^X^y 
^ > ^ *:|ISSMcOx -y ^ ^X T- ^y ^ ti:/ n- F V X 
^3 12. *5<i:t;^SS^?Ll 1 6(7D4JtOy^<>'l 1 4 
^Sm-r^o CcDX^^X^^XT^^yrTti. jff 

^b<(i. KVX^3 1 2(0TOT i A I NMtC^ 40 

CO 0 9 2] m4 dtcti«mttcDffilLg!^?b<^^nTV> 

4 3 0 tmmii:f^^4 3 2 T'jBJic^nSo ^-r:^-/ 

PtMil 4 3 0 Ciif ^ b < ti. T U T i N. T i S 1 
N. T a. ^ft:^>^5?;k T a S 1 N. H f N. Z r 
TaAlN. CrN. ^fcti^n^tOffijicOX^ -y 

^^4 3 2itC u. ({?^L<tiC u K-fcfV^^n 

/c) A U WT^dc^n. {ff^L<(i. T i . T i N. 50 



T a. T a Nx. T i S i N. T a S i N. ^fci.t'ttl 
e> OffiScO X ^ ^y ^ ^ f im-g-^^T^^ ^ n -5 ffiiSc^ 
Ig - ^ iff $ U < t ^ ^ ^ T 1/ ^ ^ o 
CO 0 9 3] :*:^9^(Of^g||ffiCTT'^i. TmiSfi/^^- 
>Jg^^x^y^>^'';b^^n?5:l^CDT\ »>x— /nCO— gp^ 

3 0 4O±ffiT*±^^o c:ntitufB*S£MT'^^* 1 1 4 

^^m<*®l 1 2(O±ffi-ex^y^><^;b^±^:5^0i:IWI<i 

Co 0 9 4] zj^y^^-^mmmommm 

fe^uv-rvifiimf* (fcirxCf. PZT. :fe<fcT>'BS 
X7^^yr{i7ic^;^X. a7j<:^:^;xcr)— ;5-$/c(i^:^^ffl 



-18- 
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^ttOTffiSC^H (CBDB:conductlve 
bottom diffusion barier)! 

2 2. 1^5. 6. i5<fctf8-i \<Dmm'&.<oimmm/ 

KvX^ 312(CTDB:conductive 
diffusion barrler/hardma 

f^fci6tc. i^vf^y-itcDffiiMtcSt^®^ (I SDB) 
I S DBti=i>'-r>'9-X^'y^(7)^(Da55i'i:^>S^S:& 

-^^^{tL. ^<Dm^. mrKomtu. x-c-y^>^^m<D 

a V 4^ tcffiiScT # ^ I > J: 9 tc r -5 ^ # -e 

[0 0 9 5] :3>-r^>^ffi. ^br^5> 

m-^f^^^it-i-^m^fDun CTrjit)-^^ isdb. cb 

DB. fect:aFCTDB) tCcfcoT<Sar'^#T'S^;b^ 

^?5:=3>T'V^t?$tt^^S0$^ft^-^?5:i/^<^:9tc. Tin 
>-r>''t^-7>c^^7^i/x^y hj Tb^g^^n^o L.fcti^'D 
T. ^i^T^^^t^y^v/'x^y h;b^7'n-trX7Km^/^>^x^y 

^fl:;b^4i::^o -9Slc. 3i>-r>'+f^*t07jc^^/^v/"x 
^yhti. #^P»n/craSr*ag§^7K^^g*t3|^i:^^« 
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nm^^K^m<Lrct^. ?L^fcti4^-v^yy;b^:^i.^«.« 
CO 0 9 6] ^5^^^ 1 1 \c^^n^i^§iBn<Dmmmirt 

[0 0 9 7] -mcmm^n^'^mrs-rxommmmit 

i/U nv^b^p^Tk^^tOS-^. ^DcJ:a'7i<^7!)>^^^-\cD$g 

S<75i/^ < o^b^-eti. U n ezk^^cD^-^ti^^T 

^L<(i;<7Xlt;6M/l 0 OcfcO/h^v^S 1 H4/N2. 
30 <fc»?if?^L<tJ:;^7Xlt;6U /5 0 Ocfc^i/h^^V^S i H4 
/N2^^^>tC->-^V^oJ;t>*N2^{I^LTP E C V'DtC 
i;tiS i3N4^itS'r^ci:-efe>5o t>-9— 3<OoItg 

^i/^^ff5ai;!3Xlt. <J:?)$tf^L<ti 1/2 0 0<fc»9/h^V^ 
;^jXltcOS i C l4-f-N2^^ffir^P E C VDT^^o 
9 -OtDoIfig14(i. S i ^-y^y h:feJ:t;A rH-N2 

S i 3N4COX/-^*y ^5?itST*^^o L^^U. CCO 

CO 0 9 8] 
C^3] 
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fiH ii -niwk^i^ii^ ^ 
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m3 











BE 




Ir 


ft^JR {Pt,Ir,Rh,Ru,Pd.Au,Ag)CO J: 

PtRuO,. PtlrO,, RhO.. PdO,, 
PtO,. AgO., LaNiOa, LaSrCoO-,, 
SrRuOa) 


CBDB 




TiAlN 


TiN,TiAlN»TiSiN.TaSiN.CrN,HfN, 
ZrN.WNTaN^TaAlN.CrAlN <0 J: ^ 


CCDB 




TiAlN 


TiN,TiAlN,TiSiN,TaSiN,CrN,HfN, 
ZrN,WN,TaN,TaAIN,CrA]N <r> ^ ^ 


CTDB 


mm±mm 


TiN 


TiN,TiAlN,TiSiN.TaSiN,CrN,HfN, 
ZrN,WN,TaN,TaAlN,CrAlN cO<t ^ 


CVDB 




TiN 


TiN,TiAlN,TiSiN,TaSiN,CrN.HfN. 
ZrN,WN,TaN,TaAlN.CrAlN <D ^ 0 


Ferro 




Pb(2r»H) 


Ba,^^Sr,TiO3(x=0/&>e) 1), 
BaZrO.,, TiO^, ZrOa, HfOjtfOJ:^/^ 

^^fj^mni^. SrBiaCTa, Nb)30». 
Bi^TigO,,,, KNbOa <^ ^ ^ tl^M^ 
Perovskite 


IBDB 






i&n^i&imt^ (Aio,. BO,) 

<£ H ^mmtl^ {AIN, BN, SiaN^) 


ISDB 


m 


AlO, 


i&Httnmit'm (A10,,B0,) 

{& H ttHfe^^bte (AIN, BN. SioNJ 


TE 






Prt^jR (Pt,Ir,Rh,Ru,Pd,Au,Ag)<D J: 

i»m'teSe^b^fe arO^.RuO., 
PtRuO., PtIrO,. RhO,, PdO,, 
PtO,, AgO,, LaNiOa, LaSrCoO^^ 
SrRuOrv) 



10 0 9 9^ ^mnmammxxx XXX. xxx^ 
(T 1 -2 9 9 6 9) icmm-^nri^^^^ic^ u-^^r 

>^(D±mil±tc>'N-FvX^3 12 ®4 a) :^b^m 

X^3 1 2(iJ:0^>iS<OilTlg^^nSo ^?S^S£i5»Jr' 

T i A I N®C0±tcfe;5T i A I Ox/lCD±tCT i 

X-yf^X^-XT-^y;/ (X7^^yy2 1 4) ^ti. j?f^U< 
ti. T i A 1 Ng^fcti^ni:(^l?iO'^Or£tt?b^ 
T^^T i A I Ox^cO— gl5^rctj:^n^fWf^(OtO;^)^ 

ffl-r^tcLTfe. I s DBMci®jatc^o^x.-rn(fct 



T^V+ttO^ ^5 C T D B mti'^r-D tm<.rj:^hh-^oZ.}i 
X$>^o ^CO^^. X'y^?StCg^ttL/cm. ^/ctiX^y 
^/^^y^rn-trX/)^fTfenrcm. ISDBM^^c^iCT 

\cMT^m^^mmr^o t i a i Ni^j^^^M^n^s^^ 

{at. T i?tA lcD^f?mJt{i^5 0/5 0;b>e*57 0 
/3 0OiSSlCfe;5o CTDBtC^f-r^T i A 1 N<Df^ 

[0 10 0] I S DBMti«ff^U<(i. 
Tl/>^ I S D B®(D/14 0 2ti^ff^b<ti. nv-rv-tt 

-^tcti. ^4 0 2(i:ji?^L<tigEftr;l/^x'>AT*:^^ 

^n^o ® 4 0 2{±S3(cf^§iiBSfi?iJi:LT^j^^nrc 

«^(0^n:6^6S<jgLT^cfel/\ »^U<fi. ;i4 0 2 
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0?b^P)4 0 nm. <J: 0 L < 1 0 ;b^^ 2 5 n 
m. gt{if^b< ti)^ 1 5 1 7 nm-e^^o il 4 0 

tiCVDtCct:*?. fg^^n^o iif^^yn-trxtiC VD 
^rcii:P EC VDT'fe^o Tc/cL. C(0<fc 5 ^^n-trX 
;b^X/^^v^fta{Cit^T. I S D B^^J^cOJcDcfci/^X-r 
•y >^;^7/^U->^;^-^^^^fC[5B§o M402^RFX 

r rT'^^o M4 0 2^Jg^-r^rc46£O*^0^^O77j^T- 
l|]K^n§^^J;S^C{i. mm^^tszf'^x^^^mi.xm 

4 0 2cOiia^Kl^t^C^7b^^^n^o A10x5b^;b^^ 

ti. PZTMc?:)a{iOl/^<^A.A^^ r<g^ PZT 

jttiziyf^V+fX^^y^tOaz^y^^-^^' (XT-^y7'2 1 
4) iOmtC. ^^^■g't?y-7Xx^^§^tTt><t<. CCD 

[0101] I S D Bti. m^^^-^n^MA 0 A^^XS 

ti. *6^ti® 4 0 2co±{cjK^^n§7b^ 'Z^^-fx^^m 

4 0 2 i:Jg^L^t/\ ®4 0 2ti. y^T A3 Z^miSLt 
LTWXfl^ftX^y^Xh^yrM^LTfeflFffl-r^o CCOC 
LT^SO. ^LTlf7'£OX^y^>'<^;b^n>'v^>'-9-X^^y 

<>^c^^LT'>L■mrv^^li^^c^i. ^fF^L<tiji4 0 

6T^^^X^y5^X h^yT^il^^ X^y f^V -feXtC J: 

;b^oT. ®4 0 6ti«=^L<t^. 3f?55^(ciPt.\ if?^L< 
Ci^^Jl 0;?)^^7 0 nm. i: 0 L < ti*^ 3 0 n mtO^ 
{tv-Un>(0®T'S^^n. WSft^x^y^xh^yySi: 

CO 1 0 2] ±er;^)^:3>7^>-9•^c^^LT-rnTV^^i: 

vy^fctix^y .y ^ zyO"^T'±^ET'<ISii^iS 
LTX^y^V^J^-r^^:. ¥^{Cja(/^Slg;b^P> I SDB^ 
^^L/c^fcriVf^V-t^-ffllgtC I S DB7b^5^-5C^tC:& 

Co 1-0 3] =3 V-rV-y-A^TiC^^iJVtJr^ h^tl±T* 
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oTV^Sh^ti. :3>T'>'-»tc0ffl!)®;()M S D BEc<i:or 

ffia^nrfe. ^otc^i/^i s D BtCct *?±fcrz;b^Ttc 

Oit-a-O^xr^-^pOh (ii^3>'^'v) X^±.\iT 

m-^^^^^x^^^ici s DB^jB^-r^citT-fe-So 
CO 1 0 4] mmm^ff\m<om^}it^rc^\c^ i/^<o 

^O^iOSfe^yn-lrXT'yn— 5^7b^S^o ^— tDZro— 
10 ^tia^co;i4 0 2. 4 0 4. 43j:tf 4 0 6(0— OJ-:(± 

-oco^^^ti. I sDB^D^m^ti;i^^mf*Mtci±-< 

r:^^t/^<^T% Ifx^y^/^^y ^TT'o— I S D Bil 

^^r>C}lX^^o X^y^/^^y ^T'ya-^T'ti, I SD 
B^^Zi^f'^-^-COfiililtcrctt^^f^TN CC7D^3fe4^^/^ 
>'^>Xc0ti;^ti^frt8n'Bo 

CO 1 0 5] o(Diffiaz:^n-^-eti. »SL<ti» 

^;b^^6 0 nmCOiSl/^A 1 OxM^&tiSbrc^. »^ L 
20 <{i7i<^(0iSi/^x^y^>y:/n-(zX^ffifflLr A 1 Ox 
MOX*y^/^'y<^;g:tTV\ ^tO^^. ffl!|gtC*^J 3 0 - 4 

X'y^>y:/n'{rx. ^ocfca'lta:/n-trXCDXT-^y 

^ >' ^ ^ ^fpg-r ^ rc46tO± tr 7X -y ^X h ^y r i: b 
T. L < 2 0 n S i 3 N4S*'« A 1 O 

xili:=i>7^V-t^X^'y ^cO±EC«a^n§o ±,^T(D 
X ^y ^ > n -Ir X ;^)^ C iDX ^y ^X h ^y r ^ L ^ 

5^? CO 1 0 6] mZL(D^mTfu-^X*^t. 5f?^L<ti/P 
^;b'«*5l 5 nm^OftO^A 1 Oxg^^JtSbfcf^. j?f $ L 
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